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METHOD FOR ALTERING A DIFFERENCE 
FREQUENCY SIGNAL AND AMPLIFIER 

CIRCUIT THEREOF 

BACKGROUND OF THE INVENTION 

The present invention relates. in general. to transmitter 
circuits and. more particularly. to power ampli?ers in trans 
mitter circuits. 

Transmitter circuits are used in applications such as 
cellular telephones. wireless radios. and the like to generate 
a modulated output signal. A typical transmitter circuit 
includes a power ampli?er coupled to an antenna via a 
duplex ?lter. The duplex ?lter has a receiver portion for 
receiving electrical signals from the antenna and a transmit 
ter portion for transmitting electrical signals through the 
antenna. Further. the receiver and transmitter portions ?lter 
the electrical signals within frequency bands that are sepa 
rated from each other. For example. the receiver portion may 
be tuned to ?lter electrical signals in the frequency band 
ranging from 869 megahertz (MHz) to 894 MHz. whereas 
the transmitter portion may be tuned to ?lter electrical 
signals in the frequency band ranging from 824 MHz to 849 
MHz. Thus, the frequency bands of the receiver and trans 
mitter portions are separated by a frequency of 20 MHz. 
An important design consideration when designing trans 

mitter circuits is that an electrical signal at a frequency 
below the bandwidth of the transmitter portion may be 
generated by other wireless products. television and radio 
broadcasting. etc. This signal is received by the antenna and 
passes through the duplex ?lter to the output of the power 
ampli?er. Non-linearities within the power ampli?er cause 
the undesired electrical signal to be upconverted to a higher 
frequency signal which has frequency components that 
interfere with those of the receiver portion. This phenom 
enon is referred to as reverse third order intermodulation 
distortion. The interfering signal propagates through and is 
attenuated by the receiver portion of the ?lter. Once at the 
receiver portion. this interfering signal tends to desensitize 
and limit the dynamic range of the receiver portion. One 
technique for minimizing the effect of the interfering signal 
is to make the order of the duplex ?lter large enough to 
sufficiently attenuate the interfering signal. However. as the 
?lter order increases. insertion loss through the ?lter also 
increases. Although this additional loss can be overcome by 
using a power ampli?er that operates at a higher power level. 
this approach consumes more battery current and reduces 
the overall time available for signal transmission. 

Accordingly. it would be advantageous to have a method 
and a power ampli?er capable of overcoming third order 
intermodulation distortion without increasing the order of 
the ?lter. It would be of ftn'ther advantage for the power 
ampli?er to be inexpensive to manufacture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a ?ow diagram of a method for linear 
izing a power ampli?er output signal in accordance with the 
present invention; 

FIG. 2 is a schematic diagram of a power ampli?er having 
a sub-harmonic termination in accordance with a ?rst 
embodiment of the present invention; 

FIG. 3 is a schematic diagram of a power ampli?er having 
a sub-harmonic termination in accordance with a second 
embodiment of the present invention; 

FIG. 4 is a schematic diagram of a ?rst example of a 
sub-harmonic termination in accordance with the present 
invention; and 
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2 
FIG. 5 is a schematic diagram of a second example of a 

sub-harmonic termination in accordance with the present 
invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Generally. the present invention provides a power ampli 
?er and a method for improving third order intermodulation 
distortion. In particular. the present invention is suitable for 
improving revmse third order intermodulation distortion. 
This type of distortion arises from signals which occur in 
frequencies below the transmit bandwidth and are converted 
to an interfering signal by non-linearities in the power 
ampli?er. The output voltage signal of a power ampli?er is 
expressed by equation 1 (EQT. l) as: 

where: 
So(t) is the output signal voltage of the power ampli?er; 
Ai. i=0. 1. 2. 3. . . . are series coe?icients describing 

non-linearities of the power ampli?er; and 

SKIFSUWVSUL) 

where: 
S(f,mm,) is the desired transmit signal; and 
S(fl) is the undesired low band frequency signal. 
Expanding EQT. 1 yields equation 2 (EQT. 2): 

where: 
finm?, is the frequency of the interference signal. 
Thus, the overall amplitude and phase of the interference 

signal. fimmgr. can be controlled by controlling the ampli 
tude and phase of the difference frequency signal (fmnmu-r 
fl). In other words. a sub-harmonic termination element is 
connected to the power ampli?er. wherein the sub-harmonic 
termination element alters the characteristics of a di?’erence 
frequency signal. The altered difference frequency signal 
reduces the interference signal. finmf". The sub-harmonic 
termination element is also referred to as a sub-harmonic 
termination. 

Accordingly. in one aspect of the present invention a 
method is provided for linearizing the power ampli?er 
output signal by using a sub-harmonic termination to control 
the amplitude and phase of the di?erence signal. FIG. 1 
illustrates a ?ow diagram of a method for linearizing the 
power ampli?er output signal. In a ?rst step (indicated by 
box 11). an input signal of a ?rst frequency is received by the 
power ampli?er. In addition. an undesired low frequency 
signal of a second frequency is received by the power 
ampli?er (indicated by box 12). The power ampli?er gen 
erates an interference signal from the undesired low fre 
quency signal and a desired transmit signal (indicated by 
box 13). wherein the interference signal has frequency 
components that are the same as those of the input signal. 
The sub-harmonic termination reduces the amplitude of the 
constituent components of the interference signal. thereby 
reducing the overall amplitude of the interference signal 
(indicated by box 14). 

FIG. 2 is a schematic diagram of a power ampli?er 20 
having a sub-harmonic termination 21 in accordance with a 
?rst embodiment of the present invention. Power ampli?er 
20. also referred to as an ampli?er circuit. includes a 
transconductance ampli?er 22. By way of example. 
transconductance ampli?er 22 is a ?eld effect transistor 
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having a drain. a source. and a gate. An input impedance 
matching network 23 is connected to the gate of transistor 22 
and an output impedance matching network 24 is connected 
to a drain of transistor 22. More particularly. input imped 
ance matching network 23 has an input terminal which 
serves as the input. V‘... of power ampli?er 20 and an output 
terminal which is connected to the gate of transistor 22. 
Similarly. output impedance matching network 24 has an 
input terminal connected to the drain of transistor 22 and an 
output terminal which serves as the output terminal. V0,“. of 
power ampli?er 20. The source of transistor 22 is coupled 
for receiving a power supply voltage or source of operating 
potential such as. for example. a ground potential. Ground 
potential is also referred to as ground. Sub-harmonic termi 
nation 21 is coupled to the drain of transistor 22. 
The impedance of input impedance matching network 23 

is set to match the impedance of the transmission line 
carrying the input signal. thereby preventing re?ections 
from corrupting the input signal. Output impedance match 
ing network 24. on the other hand. transforms a load 
impedance to a value that provides the desired output power. 
Input and output impedance matching networks are well 
known to those skilled in the art. Although power ampli?er 
20 is shown as having input and output impedance matching 
networks. 23 and 24. respectively. it should be understood 
this is not a limitation of the present invention. Either one or 
both of impedance matching networks 23 and 24 may not be 
present in power ampli?er 20. 

It should be noted that the source and drain of transistor 
22 serve as current carrying electrodes and the gate serves as 
a control electrode. Accordingly. transistor 22 is not limited 
to being a ?eld eifect transistor. but can be a bipolar 
transistor having a collector. an emitter. and a base. wherein 
the collector and emitter serve as current carrying electrodes 
and the base serves as a control electrode. Further. transistor 
22 can be an N-channel ?eld effect transistor. a P-channel 
?eld etfect transistor. an NPN bipolar transistor. or a PNP 
bipolar transistor. 

FIG. 3 is a schematic diagram of a power ampli?er 30 
having a sub-harmonic termination 21 in accordance with a 
second embodiment of the present invention. It should be 
understood that the same reference numerals are used in the 
?gures to denote the same elements. Power ampli?er 30 
includes a ?eld e?iect transistor 22. input impedance match 
ing network 23. and output impedance matching network 24. 
It should be noted that the ditference between the ?rst 
embodiment (shown in FIG. 2) and that of the second 
embodiment (shown in FIG. 3) is the location of sub 
harmonic termination 21. In the second embodiment. sub 
harmonic termination 21 is connected to the output terminal 
of output impedance matching network 24. 

FIG. 4 is a schematic diagram of a ?rst example of a 
sub-harmonic termination 21A in accordance with the 
present invention. The letter “A" has been appended to the 
reference number "21" to indicate that the sub-harmonic 
termination shown in FIG. 4 is one embodiment of sub 
harmonic termination 21 shown in FIGS. 2 and 3. Sub 
harmonic termination 21A includes a series coupled 
capacitor-resistor~inductor network comprised of a capacitor 
31. a resistor 32. and an inductor 33. More particularly. 
capacitor 31 is coupled to inductor 33 via resistor 32. 
wherein one terminal of capacitor 31 serves as an input 
terminal of sub-harmonic termination 21A. It should be 
understood that the input terminal of sub-harmonic termi 
nation 21A is connected to the drain of transistor 22 in the 
embodiment shown in FIG. 2 and to the output terminal of 
output impedance matching network 23 in the embodiment 
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4 
shown in FIG. 3. Further. one terminal of inductor 33 serves 
as an output terminal of sub-harmonic termination 21A and 
can be connected to. for example. ground It should be 
understood that the order of capacitor 31. resistor 32. and 
inductor 33 in the series connection is not a limitation of the 
present invenn'on. For example. resistor 32 can be coupled 
to capacitor 31 via inductor 33. When the order of the 
components. i.e.. capacitor 31. resistor 32. and inductor 33. 
is switched. one terminal of the ?rst series connected ele 
ment serves as the input terminal of sub-harmonic termina 
tion 21A and one terminal of the last series connected 
element serves as the output terminal of sub-harmonic 
termination 21A. Further. the output terminal of sub 
harrnonic termination 21A can be coupled to a potential 
other than ground. 

FIG. 5 is a schematic diagram of a second example of a 
sub-harmonic termination in accordance with the present 
invention. The letter “B” has been appended to the reference 
number “21” to indicate that the sub-harmonic termination 
shown in FIG. 5 is another embodiment of sub-harmonic 
termination 21 shown in FIGS. 2 and 3. Sub-harmonic 
termination 21B includes a series combination of a trans 
mission line 36. a resistor 37. and a capacitor 38. More 
particularly. resistor 37 is coupled to transmission line 36 via 
capacitor 38. wherein one terminal of resistor 37 serves as 
an input terminal of sub-harmonic termination 2113. It 
should be understood that the input terminal of sub 
harmonic termination 21A is connected to the drain of 
transistor 22 in the embodiment shown in FIG. 2 and to the 
output terminal of output impedance matching network 23 in 
the embodiment shown in FIG. 3. Further. one terminal of 
transmission line 36 serves as an output terminal of sub 
harmonic termination 21B and can be connected to. for 
example. ground. It should be understood that the order of 
transmission line 36. resistor 37. and inductor 38 in the 
series connection is not a limitation of the present invention. 
Further. the output terminal of sub-harmonic termination 
21B can be coupled to a potential other than ground. 
Although. sub-harmonic termination 21B is shown as 
including a transmission line 36 coupled to ground via a 
series coupled resistor-capacitor network. it should be 
understood this is not a limitation of the present invention. 
For example. the sub-harmonic termination can be a trans 
mission line without the resistor and capacitor. or it may 
include a series combination of a transmission line. a 
resistor. and an inductor. or a series combination of a 
transmission line and a capacitive element. or combinations 
thereof. 
By now it should be appreciated that a method and 

apparatus have been provided for reducing reverse third 
order interrnodulation distortion. In accordance with the 
present invention a sub-harmonic frequency termination is 
used to reduce the amplitude and phase of a diiference 
signal. An advantage of the present invention is that the 
sub-harmonic termination reduces the interference signal by 
generating a non-short circuit condition whereas prior art 
techniques produce a short circuit condition at the output of 
the power ampli?er. Therefore the prior art techniques have 
limited success in reducing the amplitude of the interference 
signal. In addition. the sub-harmonic termination does not 
require coupling higher order ?lters to the power ampli?er. 
which ?lters inherently introduce a greater signal loss. 
Another advantage of the present invention is that it does not 
require an increase in the power level of the power ampli?er. 
Thus. the present invention does not decrease the available 
“talk-time” of a communications device as is typical with 
prior art techniques. 
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While speci?c embodiments of the invention have been 
shown and described. further modi?cations and improve 
ments will occur to those skilled in the art. It is understood 
that this invention is not limited to the particular forms 
shown and it is intended for the appended claims to cover all 
modi?cations of the invention which fall within the true 
spirit and scope of the invention. For example. the semi 
conductor power ampli?er can include a ?eld effect transis 
tor manufactured using gallium arsenide technology. silicon 
technology. or the like. 
We claim: 
1. An ampli?er circuit. comprising: 
a transistor having ?rst and second current carrying 

electrodes and a control electrode; and 
a sub-harmonic termination element having ?rst and 

second terminals. the ?rst terminal of the sub-harmonic 
termination element coupled to the ?rst current carry 
ing electrode. wherein the sub-harmonic termination 
element alters a dilference frequency signal between a 
desired transmitted signal and an undesired low band 
frequency signal. 

2. The ampli?er circuit of claim 1. further including an 
input impedance matching network having ?rst and second 
terminals. the ?rst terminal coupled or receiving an input 
signal and the second terminal coupled to the control elec 
node of the transistor. 

3. The ampli?er circuit of claim 2. further including an 
output impedance matching network having ?rst and second 
terminals. the ?rst terminal coupled to the ?rst current 
carrying electrode of the transistor and the second terminal 
serving as an output of the ampli?er circuit. 

4. The ampli?er circuit of claim 1. ?n'ther including an 
output impedance matching network having ?rst and second 
terminals. the ?rst'r'terminal coupled to the ?rst current 
carrying electrode of the transistor and the second terminal 
serving as an output of the ampli?er circuit. 

5. The ampli?er circuit of claim 4, wherein the sub 
harmonic termination element is coupled to the ?rst current 
carrying electrode through the output impedance matching 
network. 

6. The ampli?er circuit of claim 1. wherein the sub 
harmonic termination element comprises a series coupled 
capacitor-resistor-inductor network. 

7. The ampli?er circuit of claim 1. wherein the second 
terminal of the sub-harmonic termination element is coupled 
for receiving a power supply voltage. 

8. The ampli?er circuit of claim 7. wherein the power 
supply voltage is a ground potential. 

9. The ampli?er circuit of claim 1. wherein the sub 
harmonic termination element comprises a transmission line 
coupled to a power supply voltage via a resistor. 
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10. The ampli?er circuit of claim 1. wherein the sub 

harmonic termination element comprises a transmission line 
coupled to a power supply voltage via a series coupled 
resistor-capacitor network. 

11. The ampli?er circuit of claim 1. wherein the sub 
harmonic termination element comprises a transmission line 
coupled to a power supply voltage via a capacitive element. 

12. The ampli?er circuit of claim 1. wherein the transistor 
is a gallium arsenide ?eld effect transistor. 

13. An ampli?er circuit. comprising: 
an ampli?er circuit having an input and an output; and 
a sub-harmonic termination element having ?rst and 

second terminals. the ?rst terminal coupled to the 
output. wherein the sub-harmonic termination element 
alters a di?erence ?equency signal between a desired 
transmitted signal and an undesired low band frequency 
signal. 

14. The ampli?er circuit of claim 13. wherein the sub 
harmonic termination element includes a series coupled 
capacitor-resister-inductor network. 

15. The ampli?er circuit of claim 13. further including an 
output matching circuit having ?rst and second terminals. 
the ?rst terminal coupled to the output of the transconduc 
tance ampli?er. 

16. The ampli?er circuit of claim 13. wherein the ?rst 
terminal of the sub-harmonic termination element is coupled 
to the output through the output matching network. 

17. The ampli?er circuit of claim 13. wherein the 
transconductance ampli?er is a ?eld effect transistor. 

18. A method for conditioning a signal. comprising the 
steps of: 

receiving an input signal of a ?rst frequency; 
receiving an undesired signal of a second frequency; 
generating an interference signal from the undesired sig 

nal and a transmit signal. wherein the interference 
signal has a ditference irequency signal component; 
and 

reducing the amplitude of the di?erenoe frequency signal 
component of the interference signal with a sub 
harrnonic termination. thereby linearizing the signal. 

19. The method of claim 18. wherein the step of reducing 
an amplitude of the non-linear frequency components of the 
interference signal includes generating a non-short circuit 
condition. 

20. The method of claim 18. wherein the step of reducing 
an amplitude of the non-linear frequency components of the 
interference signal includes controlling a dilference signal of 
the interference signal. 
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